Backstepping controller with force estimator applied for mobile robot´Á bstract. In this paper, we present the concept of nonlinear control technique for trajectory tracking problem of mobile robot type unicycle. the design of the proposed controller is combines a backstepping controller and the force estimator method. The main aim of this study is to design a robust control law in the presence of disturbances using the backstepping with estimation of the forces. The approach consists to estimate the perturbation using an adaptive controller, the effectiveness of the proposed approach is demonstrated through simulation and experimental results.
Introduction
These days, a number of robot used for a simple repeat work such as an assembly, coating or welding as well for hazardous industrial fields have been coming to our homes. The last years have been increasingly rapid advances in the field of trajectory tracking of mobile robot, recent developments in this fields have heightened the need of the design a robust control. In order to design controllers for robots, researchers inevitably need models of how the robot actually behave, Many models have been developed for the mobile robot, one of the most common models out is the model of a differential drive mobile robot, it is used in various applications as nuclear power environments with high levels of radiation [1] , surveillance [2] In [3] , [4] the proposed control laws is based on the kinematics of the mobile robot. However, in the real experimental, it is important to study the robot dynamics as in [5] , [6] . Some motion controllers have been proposed in the field of trajectory tracking, in [7] , a control law with an adaptive controller based on the robot dynamics is proposed to estimate the parameters, which are directly related to physical parameters of the robot dynamics, real experimental were reported on a Pioneer 3-DX mobile robot. The control problem of WMR (Wheeled Mobile Robot) with uncertain/unknown mass center is studied in [8] , ignoring either input saturation, slipping/skidding uncertainties, actuator failures, or output constraints, the method is validated numerically by simulation and experimental results. In [9] a robust output tracking controller of unicycle type mobile robot is proposed using a backstepping technique, the stability of the system is analyzed using the Lyapunov theory. Nonlinear PI controller is added in [10] , to eliminate the tracking errors and the disturbances, the proposed approach is not tested in the case of the disturbances. This paper first gives the model of the Wheeled Mobile Robot (kinematics and dynamics) and proposes technique of a control for dynamic model (Backstepping), this model was developed and described by De La Cruz Celso in [11] , using the Newton-Euler formalism. The main aim of this study is the synthesis of stabilizing control laws in the presence of disturbances using the combination backstepping controller and the force estimator. The difficulty of control is mainly due to its complex dynamics, nonlinear multi variable and especially in its operation, therefore, the control strategy is based on the decomposition of the original system into two subsystems: the first concerns the position control and the second is the control of the linear and angular velocities. The remaining part of the paper proceeds as follows: In Section 2 the kinematics and dynamics representation of the Wheeled Mobile Robot is presented. In Section 3 the design of the robust controller for tracking control is developed. Then, in the section 4, the findings of the research is analyzed and discussed, focusing on the effectiveness of used approach. Finally, Section 5 concludes this paper.
Model of Wheeled Mobile Robot
In this paper, the model of wheeled mobile robot developed by Celso De La Cruz in [11] is used, one advantage of this model is that its input signals are the linear and angular velocities, with are used in the commercial mobile robot, the model is represented in the figure 1 where u and ω are, respectively, the linear and angular velocities, ψ is the robot orientation, G is the point of required to track a trajectory, c and d are distances.
The kinematics and dynamics model can be written in form:
Where the parameters α 1 , α 2 , α 3 , α 4 , α 5 and α 6 of the dynamic model are defined in [11] .
Design of Backstepping-Force Estimator Controller
The control structure is constituted of: The position controller for the linear translation, backstepping controller to generate the control laws and the estimator force to estimate the perturbations. The block diagram of the backstepping controller with an estimator applied for the dynamic part of the model is shown in The development and stability analysis of the kinematic controller is detailed in [9] .
The design of the proposed controller is combines a backstepping controller and the force estimator approach in the presence of disturbances, the dynamic equation of the system (3) can be written as:
At the first step, the dynamic error is given in [10] as :
And the Lyapunov function can be selected as
Now, Its derivative
Where, the virtual controls load input can be defined as : (7) u
At the next step, the new errors given by:
To reject load disturbance, the related terms off is added in the Lyapunov candidate functions as follows:
2 )
The addition of this new term off can be eliminated the dynamic error of the added force f . Where K 1u , K 1ω , β u and β ω are positifs design parameters. andf is the error between f and f
The time derivative of the Lyapunov candidate functions (9) can be written as
According to the theorem of Lyapunov, we introduce
The estimation value can be obtained by solving the following
Finally, the control inputs of the linear and angular velocities a can be designed as
Backstepping with estimator

Results and Discussions
In this section, Arduino wheeled mobile robot was used to validate the developed control and to show the performance of the proposed approach. The mechatronics architecture of the control system (see Figure 4 ) consists of: a) Arduino robot mobile with processors ATmega32u4, its was equipped by two wheels witch are driven by motors having rated torque 20 mN m at 3000 rpm and equipped with incremental encoder counting Nc= 600 pulses/turn for the information of point h, see Figure 4 ; b) Arduino Yun mounted on the robot to communicate the PC with the robot through a using Wireless network; c) a computer with high-performance processors cards.
To implement the control structure, we used Matlab/Simulink , the experiences were performed with initial configuration (2.0, 3.0), the desired trajectory is circle trajectory, the following parameters are taken as: K 1u = 120, K 2u = 75, K 1ω = 14, K 2ω = 2, m = 1.50kg, ρ = 1.225. The posture robot was provided by encoders.
To demonstrate the effectiveness of the proposed approach, at the Time T = 50 sec, a external disturbance is add to the system, several tests was applied to the Arduino mobile robot.
The plan (x, y) of the trajectory is represented in the figure Fig. 5 by simulation, the robot track the circle, which was confirmed the good reference tracking. the distance error is show in the figure Fig. 5 , its can see the effect of the external perturbation a the time T = 50 sec. The error converge towards to zero value as see in figure Fig. 6 The results obtained by simulation in the figure Fig. 7 is show the good performances of the robust control,and we can see the change of the linear and angular velocities in the moment for this change in the trajectory (50 s). The above mentioned results demonstrate that the robust control is accomplished with precision using the designed control system. The outputs of the backstepping controller with estimator force are represented in the figure Fig. 8 , the external disturbance is estimated online. Moreover, force estimated f converge to the unknown force f , and the errorf converge to zero and we can see the effect of the disturbances in the control laws and the power velocities (see Figure Fig. 9 ).
Conclusion
In this paper, a backstepping-Force estimator controller was designed and proposed for wheeled mobile robot Arduino, the estimator force part is add to estimate online the external disturbance witch can be applied to the system. Mechatronics architecture is proposed to validate the control 
